Surveillance for cases of acute flaccid paralysis (AFP) is a key strategy adopted by the Global Polio Eradication Initiative (GPEI) for the eradication of poliomyelitis [1] [2] [3] . AFP manifests clinically as a syndrome characterized by sudden onset of weakness or paralysis affecting a limb or limbs. If the cause is poliomyelitis, this may result in permanent disability, and outcomes could sometimes be fatal [4, 5] . In addition to poliomyelitis, AFP cases may have several other causes, including Guillain-Barré syndrome and transverse myelitis [6] .
Tracking and reporting AFP cases is an effective method for detecting poliovirus circulation in a specified geographic area, since paralysis due to poliovirus infection can only be confirmed by testing stool specimens taken from AFP cases [7] . Identification of ≥2 nonpolio AFP (NPAFP) cases per 100 000 persons aged <15 years is recommended by the World Health Organization (WHO) as a benchmark for surveillance activities in regions with active poliovirus transmission or places at significant risk of outbreaks [8, 9] . Even in regions that have been certified as polio free, such as Europe [10] and the Americas [11] , AFP surveillance activities are undertaken as a way of maintaining certification standards [1, 7] and remaining vigilant in the event of reimportation of the virus as a result of migration from polio-infected areas [12] [13] [14] [15] . Strengthening AFP surveillance systems is thus seen not just as essential to interrupting poliovirus circulation in areas with ongoing transmission but also for protecting the gains already achieved in places where the disease has been eliminated. This is why a country like Somalia, with a recent history of polio outbreaks, has been prioritized by GPEI for AFP surveillance strengthening.
Somalia has been embroiled in a protracted civil war since 1991 [16] . The country's healthcare system has been severely weakened by political crisis, and, as a result, the delivery of immunization services lags considerably behind recommended global standards. Despite these challenges, the country successfully interrupted indigenous transmission of wild poliovirus (WPV) in 2002 [17] . The subsequent occurrence of 2 large polio outbreaks during 2005-2007 [18] and 2013-2014 [19, 20] underscores the continued vulnerability of the country to reintroduction of WPV. Although the country's existing AFP surveillance system has mostly achieved recommended benchmarks for case detection during the past decade, subnational gaps have persisted, as evidenced by the delays in detecting some polio cases during the aforementioned outbreaks. Constraints due to insecurity coupled with bans on polio activities imposed by antigovernment elements have further hindered surveillance efforts in certain parts of the country. The aforementioned factors led to the establishment of the Village Polio Volunteers (VPV) program in September 2013.
The VPV program, a community-based program, was established to enhance polio eradication activities in Somalia by strengthening surveillance and improving vaccination coverage in local communities. Volunteers involved in the program, commonly referred to as VPVs, were recruited from local communities in nearly all districts of the country, with early priority given to districts designated as high risk based on predefined criteria. They were then trained by experienced polio program staff on key strategies for polio eradication, including AFP surveillance, and assigned to work in the communities from which they were recruited. More than 500 VPVs are currently operational in all 4 geopolitical zones of Somalia (Central, Northeast, Northwest, and South).
Each of the VPVs assigned to a district works closely with the district polio officer to actively search for and report AFP cases, in addition to other polio eradication activities, such as community sensitization ahead of vaccination campaigns. Through case search methods, such as house-to-house and healthcare facility visits, VPVs identify incident AFP cases using an active surveillance model to support routine reporting from public facilities and private healthcare providers. Once an AFP case is identified, VPVs immediately notify the district polio officer, and a case investigation is begun. In many areas, particularly those with access limitations, VPVs are actively involved in investigating the case with guidance from the district polio officer. A crucial step in the investigation is the collection of 2 stool specimens from the case patients ≥24 hours apart. Once collected, VPVs work closely with the district polio officer to ensure that the specimens are transported in a timely manner to the regional polio laboratory in Nairobi, Kenya, where testing is conducted. This article focuses on the contributions of VPVs to strengthening poliovirus surveillance in Somalia by assessing the impact of their activities on key AFP surveillance indicators.
METHODS
To assess the impact of the VPV program on AFP surveillance, we reviewed documents provided by the WHO Liaison Office for Somalia, the managing organization for the country's polio program. Documents reviewed include program description documents outlining terms of reference for volunteers. We also reviewed and analyzed AFP surveillance data for all cases reported in Somalia from January 2011 to November 2016.
To determine the contributions of VPVs to AFP case detection, we calculated overall case counts and proportions during 2011-2016, categorized by reporting source. Categories of reporting sources included VPVs, public healthcare facilities, private healthcare providers, staff of the polio program (other than VPVs), and other sources within the community.
We then calculated the NPAFP rates per 100 000 persons aged <15 years for each of the years under review. These NPAFP rates were derived from AFP cases from which neither wild nor vaccine-derived polioviruses were isolated. To assess the impact of inaccessibility on case detection and the performance of VPVs, we performed additional analyses for case counts, proportions, and NPAFP rates. We limited our analyses to districts with security and access limitations during the period under review. We compared the NPAFP rate in 2015, the year after the 2013-2014 polio outbreak, to the rate in 2012, the year before the outbreak, by calculating the incidence rate ratio using a Poisson regression model, adjusting for geopolitical zones. We did this to establish a statistical metric of performance of the surveillance system before and after the introduction of the VPV program.
In addition to AFP case counts and NPAFP rates, we evaluated the quality of surveillance activities undertaken by VPVs by examining 2 other key surveillance indicators: stool specimen adequacy rates and timeliness of reporting. Stool specimen adequacy rates assess the timeliness of investigation and the quality of the reverse cold chain system used for poliovirus isolation. For stool specimens taken from an AFP case to be considered adequate, 2 specimens need to be collected from the case-patient ≥24 hours apart and within 14 days of paralysis onset, and the specimens must arrive at the laboratory in good condition, that is, without leakage or desiccation and under cold conditions [9, 21] . WHO recommends that ≥80% of stool specimens arriving in the laboratory must be adequate.
Similarly, identification and reporting of an AFP case within 7 days of paralysis onset is an indicator of the timeliness of the surveillance system; hence, countries are required to identify and report ≥80% of AFP cases within 7 days of paralysis onset in order to meet the benchmark for timeliness [7] . To determine whether there were any differences in these key indicators by reporting source, we compared the adequacy of stool specimens and timeliness of reporting rates of AFP cases reported by VPVs with those reported by all other sources during 2014-2016, using χ 2 tests. We stratified our results by year to decipher trends in timeliness of reporting when comparing AFP cases by reporting source. We computed the mean number days from paralysis onset to case reporting and 95% confidence intervals (CIs). Statistical analyses were performed using SAS software (version 9.3; SAS Institute), and statistical significance was defined as P < .05. This project was undertaken as part of the process of evaluating improvements in a public health surveillance system and was not considered to be human subjects research.
RESULTS

AFP Case Counts and NPAFP Rates
During 2011-2016, there was significant variation in AFP case counts and the NPAPF rates in Somalia. Before the 2013-2014 wild poliovirus outbreak, during which the VPV program was introduced, the number of AFP cases reported nationally declined from 172 cases in 2011 to 148 cases in 2012. None of the AFP cases reported during 2011-2012 were due to WPV infection, although 10 cases of circulating vaccine-derived poliovirus were reported during both years. Along with the decline in case reporting, the national NPAFP rate decreased from 3.2 to 2.8 cases per 100 000 persons aged <15 years when comparing case detection rates in 2011 to 2012 (Figure 1 ). AFP case counts spiked during the polio outbreak, increasing to 546 and 420 cases during 2013 and 2014, respectively. Of the 546 AFP cases reported in 2013, 194 (36%) were subsequently confirmed to be WPV cases. Five additional WPV cases were confirmed in 2014, the last of which was identified by a VPV working in Hobyo district in the Northeast zone. In line with improvements in case detection, NPAFP rates rose considerably during the outbreak, increasing to 6.5 and 7.4 cases per 100 000 persons aged <15 years during 2013 and 2014, respectively. Only a small proportion (2%) of NPAFP cases reported during the outbreak were considered clinically compatible with polio after expert review. NPAFP rates decreased from levels during the outbreak to 4.8 and 5.3 cases per 100 000 persons aged <15 years during 2015 and 2016, respectively, but remained significantly above preoutbreak reporting levels. Using a Poisson regression model adjusting for geopolitical zone, the incidence rate ratio for NPAFP cases was 1.7 (95% CI, 1.4-2.1; P < .001) when comparing the NPAFP rate in 2015, the year after the outbreak, to that of 2012, the year before outbreak onset.
In the years before the VPV program was introduced (ie, 2011 and 2012), the majority of AFP cases were reported through public healthcare facilities, such as hospitals and maternal and child health centers. Such facilities accounted for 43% and 33% of case reporting in 2011 and 2012 (Figure 2 ). Other reporting sources during this period included regular polio program staff, which accounted for 30% of reporting in 2012, and private healthcare providers, including traditional healers, which accounted for 21% of reporting in 2012. The patterns of reporting held in 2013, the first year of the polio outbreak, with public healthcare facilities again being the main reporting source for AFP cases. VPVs accounted for only 2% of reported cases in 2013, having begun their activities in September of the same year. By 2014, however, VPVs were responsible for reporting approximately a quarter of all AFP cases, comparable to other major reporting sources, such as public healthcare facilities (24%) and regular polio program staff (29%). The contributions of VPVs to case reporting further improved in the following years. Among AFP cases with known reporting sources, VPVs accounted for 40% of the 279 cases reported in 2015, a high among reporting sources. They again accounted for the highest proportion of AFP cases reported in 2016 when compared with other reporting sources.
When limited by accessibility status, case reporting levels and sources in areas with security and access limitations mirrored national trends during 2011-2016. Among the 25 districts that were either partially or completely inaccessible for polio immunization activities during 2011-2012, NPAFP rates were similar to those reported nationally. From 2011 to 2012, rates of case reporting in these areas decreased from 3.2 to 2.6 cases per 100 000 persons aged <15 years in 2012. The NPAFP rates in areas with access limitations increased during the outbreak years to 5.4 and 7.1 in 2013 and 2014, respectively, and remained above preoutbreak levels in the succeeding years, with rates of 4.6 and 5.2 being reported in 2015 and 2016, respectively. In terms of reporting sources, public healthcare facilities, private healthcare providers, and regular polio program staff each reported 28% of the 32 AFP cases identified in districts with access limitations in 2011 (Figure 3 ). These traditional reporting sources accounted for the bulk of AFP cases reported from these areas over the next 2 years, with VPVs responsible for only 3% of AFP cases reported from districts with access limitations in 2013. In 2014, however, VPVs accounted for just over a third (37%) of the 157 AFP cases identified in 41 districts with access limitations. The (Table 1) . Similarly, the mean duration to case notification decreased from 4.8 (95% CI, 4.32-5.21) days in 2014 to 3.8 (3.3-4.34) days in 2016 among all other reporting sources.
DISCUSSION
The success of GPEI in drastically reducing the number of polio cases reported worldwide has been well documented [22] [23] [24] [25] . Much of this success is predicated on the ability of countries to track and detect the emergence of new polio cases in places with active circulation of WPV based on surveillance for AFP cases. Systems for AFP surveillance are particularly crucial in countries like Somalia, where the dilapidated healthcare infrastructure makes for increased vulnerability to polio outbreaks despite the elimination of indigenous WPV transmission. The establishment of the VPV program to supplement existing structures in place for AFP surveillance has proved to be of vital importance in enhancing the country's capacity to mount an effective response to outbreaks and maintain its polio-free status.
Introduction of the VPV program in the middle of the 2013-2014 polio outbreak in Somalia not only helped facilitate efforts to interrupt the outbreak, which ended in August 2014 [26] , it has also ensured sustenance of a number of measures taken to strengthen AFP surveillance activities by the national polio program. Before the outbreak, the national NPAFP rate had hovered around 3 cases per 100 000 persons aged <15 years, above the recommended benchmark of ≥2 cases but masking subnational gaps that resulted in delayed detection of some of the cases identified during the outbreak. Intensified surveillance activities during the outbreak led to a 132% increase in the NPAFP rate in 2013.
Although much of the improvement in case detection observed during the outbreak was the direct result of increased resources for response activities provided by GPEI, as recommended in the guidelines for outbreak response [27] , the role of VPVs during and after the response cannot be overstated. Compared with the 194 laboratory-confirmed WPV cases identified in 2013, only 5 WPV cases were identified in 2014. However, despite the recession and eventual cessation of the outbreak in 2014, the NPAFP rate rose from levels in 2013, largely owing to the contributions of the newly introduced VPV program. Of note, the last WPV case identified during the outbreak was reported by a VPV working in the Northeast zone of the country. After the end of the outbreak, NPAFP rates have declined from levels during the outbreak, but they have remained significantly above preoutbreak levels. The NPAFP rate for 2015 (the year after the outbreak) was 1.7 times that in 2012, the year before outbreak onset. Although we could not determine from our data whether AFP cases identified by VPVs could have otherwise been detected by other reporting sources, our findings strongly suggest that much of the improvement in surveillance has been driven by the activities of VPVs. Despite an expansion in the number of reporting sites by the national polio program, VPVs have accounted for the majority of AFP cases detected in Somalia over the past 3 years, that is, from 2014 to 2016. This effect is even more pronounced when we limited our analysis to districts with security and access limitations, where VPVs have accounted for more than half of the AFP cases identified during 2015-2016.
With respect to other key surveillance indicators, stool specimen adequacy rates remained stable and above the recommended level during the period under review. No significant differences were observed in the adequacy of samples collected from cases reported by VPVs compared with those reported by other sources, including more experienced polio program staff. Timeliness of reporting standards, pegged at ≤7 days from paralysis onset, declined steeply from 90% to 70% in 2013, mostly owing to intensified surveillance activities and late reporting of cases that were previously undetected by the surveillance system. Notification speeds have since improved, with >80% of cases being reported within 7 days during 2014-2016. More importantly, cases are being reported faster by both VPVs and other sources, as the mean interval from paralysis onset to reporting of a case improved from 5.4 days in 2014 to 3.7 days in 2016 for VPVs and from 4.8 to 3.8 days for other sources.
Community-based surveillance programs, such as the VPV program, encourage a paradigm shift from passive reporting to active detection of diseases of public health significance. The success of these programs in improving AFP case detection has been demonstrated in countries such as Niger and Tanzania [28, 29] . Given the increasing threat posed by insecurity to polio eradication efforts in places like Nigeria [30] and Afghanistan [9, 31] , such programs will play an increasingly prominent role in bringing the goal of disease eradication within reach. Although approaches such as using the military in polio vaccination activities have been adopted in countries like Angola [32] and Pakistan [33] , community-based programs are better suited to building trust [34] and ensuring sustainability in countries with weak healthcare systems [28] . Building trust at the grassroots level through community-based programs is beneficial on multiple levels because programs like the VPV program often evolve to encompass other disease surveillance and prevention activities. Just as GPEI manpower resources have played a crucial role in strengthening laboratory, disease surveillance, and outbreak response capacity in many countries in Africa [29, [35] [36] [37] , VPV program assets could eventually transition into broader roles aimed at surveilling and preventing other vaccine-preventable and endemic diseases, such as measles and malaria.
The VPV program has contributed significantly to improved surveillance for AFP cases in Somalia. In the near term, this improvement enhances the ability of the country's polio program to detect and respond to new polio outbreaks, albeit limited by the reliance of AFP surveillance on the emergence of paralytic polio cases to determine the circulation of poliovirus in an area. Improved AFP surveillance will also serve as a key factor for certification of the country and continent as polio free when the disease is eventually eliminated from Africa. In the long run, such a program could help ameliorate deficiencies in the country's healthcare system for the prevention and control of other diseases of public health significance.
Notes
